Objectives: To measure daily energy expenditure (DEE) with indirect calorimetric facilities in sedentary and active subjects. To estimate daily energy needs with the FAO/WHO/UNU (1985) procedures (EDEE) and estimated energy requirement (EER) with the dietary reference intakes 2002 (DRI) in healthy adults with sedentary or high-activity conditions. To compare estimated daily energy needs with their measured values. Design: Two groups of healthy subjects were tested under sedentary or high-activity conditions. In both groups, resting energy expenditure was measured after a 12-h overnight fast. DEE and basal metabolic rate (BMR) values were also measured with indirect calorimetry and compared to the relevant predicted values. Physical activity level and BMR were also estimated. Subjects: A total of 45 sedentary (26 men and 19 women) and 69 active subjects (43 men and 26 women) aged 18-30 and 30-60 y. Results: Measured daily energy expenditure (MDEE) was significantly lower than EDEE in sedentary men and women and in active men for the two age groups considered (Po0.05). EER was significantly lower than EDEE in both sedentary and active subjects of each subgroup (Po0.05). 
Introduction
The nutritional guidelines for energy intake have been traditionally based on equations that take into account the effects of variations in physical activity participation and basal metabolic rate (BMR) on daily energy needs. However, clinical experience and research data suggest that some reference values and assumptions may result in overestimation of daily energy needs. For example, the recommendations proposed by the World Health Organization (WHO) are derived from a sample of the World population. In this context, a group of 11 000 standardized measures were available and used as representative values of BMR in the last equations proposed by FAO/WHO/UNU (1985) (Schofield, 1985) . These values were used in reference to establish necessary food guidelines in some countries of the world. For health professionals like dietitians, these guidelines frequently represent the only tool to estimate energy requirements. Estimates of energy requirements for the Canadian population were calculated by the factorial method proposed by the FAO/WHO/UNU Expert Committee in 1985. Physical activity level (PAL) was defined in terms of three levels of physical activity, that is light, moderate and high levels. The minimal activity level was set at 1.55 and 1.56 Â BMR for men and women, respectively. On the other hand, the highest activity level was defined as 2.10 Â BMR for men and 1.82 Â BMR for women. In addition, for each gender and age group, the nutritional guidelines were for individuals with a BMI in the range of 20-25 kg/m 2 (Canada, Health and Welfare Canada, 1990) .
Research data also suggest that reference values of the FAO/WHO/UNU procedure overestimate daily energy needs. Several factors can account for the deviations of the estimated daily energy needs from the true energy cost of living under given conditions. One of these factors is physical activity participation, which is possibly lower than the assumed activity level to estimate daily energy needs. In this regard, a tendency toward a decrease in physical activity participation with age, especially in adolescents, and to a lesser extent during adults has been observed (Sallis, 2000) . Furthermore, vigorous physical activity participation is reduced, whereas moderate physical activity participation seems to be maintained in adulthood (Ingram, 2000) .
The PALs of many Canadians are below what is considered desirable for an adequate healthy living. For instance, the Canadian Fitness and Lifestyle Research Institute (2000) showed that 57% of Canadians were not considered as active. In a recent study, we observed that a large majority of young college men and women did not perform vigorous activity on a regular basis (Tremblay & Chiasson, 2002) . These observations raise the possibility that the current level of physical activity participation of the Canadian population is potentially too low, resulting in an energy expenditure level below the estimated daily energy needs. According to the 1990 Canadian nutritional guidelines (Recommendations sur la nutrition, Sante et Bien-être Social Canada, 1990) one has to perform 4-5 h of light-to-moderate domestic work to expend the amount of calories corresponding to a lowactivity level. Therefore, it would not be surprising if the activity level of many individuals did not attain what was measured by Prentice et al (1986) in a whole-body indirect calorimeter, that is, 2.43 MJ/day (581 kcal/day) above resting metabolic rate (RMR).
Another reason that may explain some of the differences between estimated and measured daily energy needs lies in the prediction of BMR, the main determinant of daily energy needs in sedentary people. Indeed, the equations that are used to predict BMR are generally based on body weight. Although this procedure is commonly characterized by a reasonable validity, it does not consider other factors that may affect the variance of resting energy expenditure. In this regard, our recent studies (Doucet et al, 2001a, b) and those of others (Fukagawa et al, 1990; Leibel et al, 1995) have shown that a facultative component of energy expenditure may explain some of the variation in resting energy expenditure. Such a component of energy expenditure could vary with age and thus influence the precision of predictive equations of daily energy needs with aging (Doucet et al, 2001a, b) .
In September 2002, the Food and Nutrition Board of the National Academy of Sciences released a massive report entitled 'Dietary reference intake for energy, carbohydrates, fiber, fat, fatty acids, cholesterol, protein and amino acids' (Food and Nutrition Board, the Institute of Medicine of the National Academy of Sciences, 2002 (DRI) ). The information on energy expenditure obtained by Doubly Labeled Water (DLW) Studies was used in this report to define estimated energy requirement (EER) for individuals living in the United States and Canada. It is important to note that the particular advantage of the DLW method is that it provides an index of total energy expenditure (TEE) over a period of several days, reducing the impact of spontaneous daily energy variations in physical activity. Furthermore, it is a noninvasive methodology for subjects performing their usual daily activities (Speakman, 1998) . It is also relevant to note that the DLW database is not based on randomly selected individuals who constitute a sample that is not representative of the population of the United States and Canada. However, the measurements were obtained in a population with a wide range in age, body weight, height and physical activity energy cost. This provides a pertinent base to determine daily energy expenditure (DEE) and requirements in different life conditions (DRI, 2002) .
Taken together, these observations suggest that, in some individuals, daily energy needs are probably not adequately predicted by the equations used to determine dietary guidelines in the Canadian population. On the other hand, the recent DRI (2002) appears a more appropriate methodology to estimate daily energy needs in Canadians. In order to clarify this phenomenon, estimates of daily energy needs with the FAO/WHO/UNU (1985) procedures were compared to the values obtained in subjects living in a whole-body calorimetry chamber under sedentary conditions. Moreover, the extent to which estimated energy needs of dietary guidelines adequately predict the energy cost of living when one is active was also investigated. Finally, two age groups were studied in order to analyze the potential influence of age.
Methods
Two groups of subjects were formed on the basis of data collected in previous studies completed in our laboratory. Physical characteristics of subjects are presented in Table 1 . The first group (26 men and 19 women) was composed of sedentary subjects (less than 30 min of continuous vigorous activity per week) who were tested in a whole-body indirect calorimetry chamber where they maintained a sedentary activity profile. They were not under any medication and were free from any known illness. They completed a dietary questionnaire to establish a diet history and women were asked to give information on the state of their menstrual cycle. The second group was composed of physically active subjects (43 men and 26 women) who were tested under free-living conditions. They were recruited from the Québec Family Study and were chosen because they reported engaging in a high level of physical activity. Each study involved in the present investigation was approved by the Laval University Ethics Committee, and written informed consent was obtained from each subject.
Body density measurement was obtained by underwater weighing technique (Behnke & Wilmore, 1974) and pulmonary residual volume was assessed by the helium dilution technique (Meneely & Kaltreider, 1949) .
For each subject, RMR was measured several days before the first testing day. Following an overnight fast, each subject was rested for 30 min in a reclining chair while his/ her head was placed in a ventilated hood system. Air was passed through the hood at a fixed rate and the differences in partial pressure of CO 2 and O 2 were determined with gas analyzers (Uras 10P; Hartmann & Braun, Frankfurt, Germany). When a steady state was established, usually during the last 10 min of the test, an average value was calculated and assigned as RMR. This value was used to fix subsequent daily energy intake in the respiratory chamber. The proportions of macronutrients in the diet were set to give a food quotient of 0.85.
The measurement of DEE in the first group of subjects started early in the morning (B0830 hours) when the subject entered the respiratory chamber after an overnight fast. Subject was then offered a breakfast that had to be totally consumed. Two other meals were served at the habitual lunch and dinner time. The total energy intake under these conditions was 1.4 Â RMR extrapolated over 24 h. During the stay in the chamber, water was available ad libitum at any time of the day. The subject was free to move about or lay down in the chamber. No exercise was planned and the subject remained sedentary throughout the testing day. The subject was asked to refrain from physical activity on the day before the room calorimeter measurement. Total DEE was calculated over 24 h with the following formula (White et al, 1996) : DEE ¼ VO 2 Â½4:686 þ ðRQÞ À 0:0707ÞÂ0:361=0:293
Where VO 2 is oxygen volume and RQ is measured respiratory quotient being considered in this study as equivalent to nonprotein RQ. The characteristics of the respiratory chamber were previously described and measurements of energy expenditure with this equipment were found to be highly reproducible (White et al, 1996) .
Sleeping metabolic rate (SMR) was calculated for the three consecutive hours during which mean energy expenditure was the lowest. In the first group, the PAL was derived by dividing total DEE by SMR extrapolated over 24 h. For the purpose of comparison with estimated BMR, SMR was considered as a surrogate for BMR and is abbreviated as MBMR. In the second group of active subjects, the PAL was derived by the utilization of a 3-day activity record (Bouchard et al, 1983) . This diary was designed to estimate overall PAL. Once the subjects with a high physical activity profile were identified, their PAL was multiplied by RMR, which was extrapolated over 24 h in order to determine DEE. Estimated daily energy expenditure (EDEE) in both groups was calculated by using the factorial method proposed by FAO/WHO/UNU (1985) , with the modifications accepted by the Scientific Committee of revision of the Canadian nutritional guidelines in 1990. BMR was first estimated with the following equations: BMR ¼ 15.3 Â body weight (BW) þ 679 (for men aged 18-30 y), 11.6 Â BW þ 879 (for men aged 30-60 y), 14.7 Â BW þ 496 (for women aged 18-30 y) and 8.7 Â BW þ 829 (for women aged 30-60 y). Daily energy needs at low and high physical activity participation were then derived by multiplying BMR by the PAL value considered in the Canadian nutritional guidelines, that is, 1.55 and 1.56, and 2.10 and 1.82 for men and women, in sedentary and active conditions, respectively.
EER was calculated using the report that presents dietary reference values (DRI, 2002) . A DLW database was used to generate predictive equations to determine total DEE in adults aged 19 y and older. A total of 169 male and 238 female subjects was used to generate these equations (ie EER ¼ 662À9.53 Â age (y) þ PA Â (15.91 Â weight (kg) þ 539.6 Â height (m)) for men and EER ¼ 354À6.91 Â age (y) þ PA Â (9.36 Â weight (kg) þ 726 Â height (m)) for women, respectively. PA correspond to PAL, which was defined as sedentary (PA ¼ 1.00 if PAL is estimated to be Z1.0 and o1.4), Low active (PA ¼ 1.11 if PAL is estimated to be Z1.4 and o1.6), active (PA ¼ 1.25 if PAL is estimated to be Z1.6 and o1.9), and very active (PA ¼ 1.48 if PAL is estimated to be 
Results
As shown in Table 2 , the estimated BMR with the FAO/WHO/ UNU (1985) equation was significantly greater than the measured value during sleeping time in women of both age groups (Po0.05). Accordingly, the EDEE was also significantly higher than the measured value assessed in the wholebody calorimeter (Po0.05). When the measured DEE was divided by the measured SMR, the derived PAL was lower than the constant value of 1.56 used in the FAO/WHO/UNU procedures. No difference between age groups was observed for any of these variables. As presented in Table 3 , the differences in resting and DEE between estimated and measured values were more pronounced in men than those described above for women. Thus, estimated BMR exceeded by 1.30 and 1.04 MJ/day the measured SMR in the 18-30 and 30-60 y subgroups, respectively. This difference reached 3.33 and 2.66 MJ/day when the comparison was performed for DEE. As for women, the PAL score obtained by division of measured DEE and measured SMR was lower than the constant value of 1.55 considered by the FAO/WHO/UNU method. Figure 1a and b illustrate the regressions between EDEE and age as well as between MDEE and age in men and Figures 1b) . Finally, the correlations between EDEE and MDEE were statistically significant in women and men when the two age groups were combined (women r 2 ¼ 0.40, Po0.01; men r 2 ¼ 0.37, Po0.01). Table 4 shows that EBMR and MBMR in active free-living women aged 18-30 y were comparable, while in the 30-60 y group MBMR was significantly lower (Po0.05). The results presented in Table 5 show that MBMR was significantly lower than EBMR in active free-living men in both aged groups. Accordingly, the comparison between EDEE and MDEE reflected the same trend (Po0.05) (Tables 4 and 5). In both age groups of men and women in active freeliving conditions, the values of measured PAL were comparable to those of the guidelines. Thus, the higher EDEE was mainly attributable to the difference in EBMR in both sexes.
The results for EER in sedentary and active women and men under free-living conditions using the above-described Dietary Reference Intake (DRI, 2002) are shown in Table 6 . EER was significantly lower than EDEE in sedentary women and men (Po0.05) (see EDEE values in Tables 2 and 3 ) . The same trend was observed in active women and men (Po0.05) (see EDEE values in Tables 4 and 5 ). We observed a greater value of DEE when the prediction was made with FAO/WHO/UNU procedures. As expected, EDEE was significantly greater than EER in both male and female active groups.
Discussion
One of the main objectives of establishing population energy and macronutrient guidelines is to make recommendations concerning the level of energy intake. However, there are major difficulties associated with the development of food intake guidelines that are pegged to levels of energy expenditure. The present study compared total DEE and its components, as estimated by the FAO/WHO/UNU (1985) procedures and with the recent Dietary Reference Intake (DRI, 2002) , with the same components in a group of 45 sedentary adults tested in a whole-body calorimetric chamber as well as in a group of 70 active adults in whom DEE was calculated based on a physical activity diary and measured RMR. One of the main findings of this study was the statistically significant differences found between EBMR and MBMR in the two age groups of sedentary and active subjects. The FAO/WHO/UNU (1985) equations only consider body weight, age and gender to predict BMR and exclude other important factors, such as body composition. In this regard, the significant difference between EBMR and MBMR in sedentary people can likely be explained by the heterogeneity in body composition (Ravussin et al, 1986; Klausen et al, 1997) .
Another important factor related to total DEE has to do with PAL. In this context, Ravussin et al (1986) found considerable differences between subjects evaluated under calorimetry chamber conditions, suggesting that high and low levels of energy expenditure due to spontaneous physical activity can be observed even under the confinement in a calorimeter. In addition, Levine et al (2000) have recently observed an increase in DEE when comparing subjects in motionless state vs those in fidgeting-like conditions measured by indirect calorimetry. A recent study reported a significant correlation between energy cost of physical activity in a calorimetry chamber and free-living physical activity measured by doubly labeled water (Snitker et al, 2001) . The results of the latter study are interesting since the experimental conditions were similar to those used in our calorimetry chamber. The PAL measured by Snitker et al. was 1.42, which is only slightly higher than the average PAL (1.36) reported here for sedentary subjects. Furthermore, the PAL measured in our study was always lower than the one proposed by the FAO/WHO/UNU procedure. Thus differences found here between EDEE and MDEE could also be explained by the higher estimated PALs compared to the measured values in the calorimetry chamber even in sedentary subjects.
Adaptive thermogenesis is also an important factor to consider in association with variations in daily energy needs. Fukagawa et al (1990) have suggested that aging is associated with an alteration in energy metabolism expressed by a reduction in the metabolic activity of lean tissue. Another study supports this hypothesis and has suggested the existence of adaptive thermogenesis during weight loss, which would be applicable to aging (Doucet et al, 2001b) . This could be a genuine age-related phenomenon independent of changes in body composition (Ritz, 2001) .
The greater values of MDEE observed in active young women under free-living conditions can be best explained by the higher PAL determined in this age group. However, the last report on PAL in Canada considered that 64% of the adult population in 1999 was insufficiently active for optimal health benefits (CFLRI, 2000) . Furthermore, more women than men were considered inactive. In this way, the amplitude of activities performed by a subject in free-living conditions in comparison to a subject restricted in activity to an area of the size of a small room (whole-body calorimeter) should be considered. On the other hand, it is also important to consider the PALs used to determine the last estimates of energy requirements in the Canadian population. In accordance with our results, these values are not adapted to real levels of physical activity in the Canadian population, especially in active Canadian women. In this context, it is possible that the three levels of physical activity proposed by the FAO/WHO/UNU procedures lead to a false estimation of daily energy needs in both sedentary and active Canadian subjects, because of errors in the estimation of PAL. On the other hand, as described above, it is possible that EBMR is overestimated by equations.
On the other hand, it is important to consider the advantage of DLW method used to derive the equations proposed to determine the last dietary reference intakes. In contrast to other methodologies used to estimate DEE by factorial methods, the DLW technique can provide TEE estimates over meaningful periods of time, which reduces the impact of variations of spontaneous physical activity. Furthermore, the DLW measurement provides an index of TEE in subjects maintaining their habitual daily activities. In this sense, these equations seem to be more adapted to estimate the daily energy requirements in a free-living context.
In conclusion, the results obtained in this study suggest that the equations proposed by the FAO/WHO/UNU (1985) overestimate the actual energy expenditure of subjects, particularly under sedentary conditions. This overestimation is accounted by a significant overestimation of BMR and possibly by a PAL that is greater than the real values observed in the Canadian population. In this regard, the approach used to establish the dietary reference intake 2002 (DRI, 2002) could be more appropriate to estimate DEE in sedentary and active subjects. Therefore, the use of precise measurements of energy expenditure in clinical nutrition appears relevant to better estimate energy requirements, particularly in a context where obesity prevention and treatment is a major issue.
